The TSH-dependent expression of amyloid precursor-like proteins and the secretion of their ectodomain (sAPP) in rat thyroids coincide with increased rates of thyrocytc proliferation.
(Enclocrinolofiy 13'7: 1975-1983, 1996) T 
cells with TSH (8). A growth-promoting
activity has also been ascribed to the proteolytically released ectodomain of the P-amyloid precursor protein (APP) (9; for review, see Ref. 10) . API' is a single membrane-spanning glycoprotein known to serve as the macromolecular precursor for the amyloid (A/3) peptide that is generated by specific proteolytic processing of API' and found in senile plaques and neurofibrillar tangles in the cerebral cortex of patients afflicted with Alzheimer's disease (11; for reviews, see Refs. 12 and 13 (Fig. 1) using either an antiserum against the C-terminus (lanes 2 and 4) or an antibody against the ectodomain (lanes 1 and 3) of APP. Two major bands were identified that corresponded to the immature endoplasmic reticulum (110 kDa) and the mature Golgi-processed (130 kDa) forms of APP/APLP. We previously observed that the higher molecular mass of the Golgi-processed form of thyrocytes is mainly the result of the transfer of 0-glycans to certain serine or threonine residues (21). The soluble form of APP/APLP, sAPP, was detectable by immunoblot techniques, using the antibody directed against the ectodomain of APP/APLP (lane 3 in Fig. 1 ). sAPP exhibited a molecular mass of about 120 kDa. Antiserum directed against the Cterminus of API' did not recognize sAPP (lane 4 in Fig. l The proteolytic release of sAPP allowed us to prepare conditioned culture medium containing sAPP. When, by the application of filtration techniques, sAPP was unspecifically removed from the conditioned medium (lane 2 in Fig. 2A) , cell proliferation was significantly reduced (Fig. 2B) . In conditioned medium enriched in sAPP (lane 3 in Fig. 2A) , the growth rate of FRTL5 cells was drastically enhanced (Fig.  2B) . Mixing both fractions did not result in complete reconstitution of the original growth-promoting activity of the conditioned medium, presumably due to the loss of sAPP by adsorption to the filter (not shown). When about 50% of sAPP was specifically removed from the conditioned medium by immunoprecipitation, as controlled by gel electrophoresis and immunoblot, the rate of proliferation of FRTL5 cells determined by the BrdU technique (for illustration of this assay, see Fig. 6 ) was reduced (Fig. 3) , suggesting that the presence of sAPP was of significance for the normal growth of this cell type. The mere addition of antibodies to the culture medium suppressed neither the basal nor the sAPI'-stimulated rate of BrdU incorporation.
Binding of sAPP-derived peptides to the surface of FRTL-5 cells
The iodinated 19-mer sAPP peptide was used to study its binding to the surface of thyrocytes morphologically. By light microscope autoradiography, an average of about 1.3 silver grains/cell were detected (Fig. 4) . Most of the silver grains were located in the periphery of cells (Fig. 4A) . When cells were incubated with iodinated 19-mer peptide together with a lOO-fold excess of unlabeled 17-mer peptide as a competitive inhibitor, binding was drastically reduced. Statistical analyses of these autoradiographs indicated that the reduction of binding by excess 17-mer was significant (Fig. 5A ). This effect was confirmed by radiometric quantitation (Fig.  5B) . The less pronounced effect in Fig. 58 is presumably caused by the adsorption of iodinated 19-mer peptide to the culture vessel.
Effect of sAPP-derived peptides on proliferation of FRTL-5 cells
For the proliferation assay we used either the morphological BrdU technique or the radiochemical quantitation of [3H]thymidine. Both techniques allowed determination of the fraction of FRTL-5 cells entering the DNA synthesis phase of the cell cycle and gave almost identical results. In a direct comparison, the proliferation effect determined by the BrdU assay was 2.0-fold and that determined by the [3H]thymidine incorporation assay was 2.2-fold above the control value at a 17-mer concentration of 10 nM (not shown). For our purposes, the BrdU assay had the advantage that in addition to determination of the S phase index (i.e. the propo t r ion of cells in the S phase, as a percentage), the precise localization of cells within a given patch of cells was possible (Fig. 6) . Figure 6 also illustrates the size of cell patches at which an effect of sAPP in the conditioned medium (see Fig. 3 ) or of sAPI'-derived peptides became detectable. The patches consisted of 80-160 cells. When larger patches or densely seeded cell cultures were used, the effect of conditioned medium was strongly reduced or barely visible, demonstrating that the observations described in this report also depend on the cell density. Care was taken, therefore, to use in all experiments the same density of cells when the cultures were started and to select cultures with the same size of cell patches for quantitation.
Under the conditions described above, we observed that, in general, there was a clear dependence of cell proliferation on the concentration of 17-mer peptide, which produced approximately 2-fold greater proliferation than that of the control culture. It is well established that the proliferation of FRTL5 cells is very sensitive to the availability of hormones involved in growth control. When cells are depleted of these hormones, their growth rate usually decreases dramatically (23). To investigate the contribution of sAPP to the rate of BrdU incorporation, we exposed FRTL5 cells previously incubated at various concentrations of 17-mer peptide for a short starvation period of 2 h in a medium lacking all hor- Table 1 ) and that they were often observed in groups of two to four cells, which appeared randomly distributed within the cell population of a given patch. The corresponding phase contrast light micrographs (B and D) show the size of the patches (80-160 cells) used for determining the growth rates of FRTL-5 cells. Bar = 50 ym.
mones. As expected, the rate of BrdU incorporation decreased in control cells from 3.6% to 0.75% (Fig. 7A) . The previous incubation of cells with 17-mer peptide resulted in a concentration-dependent relative increase in BrdU incorporation. Unexpectedly, this relative increase was much higher than that in FRTLS cells not subjected to this starvation period. The results suggest a protective effect of 17-mer peptide, as indicated by the fact that cells maintain, at least for short periods of time, their ability to incorporate BrdU. This protective effect was apparently synergistic with the proliferative effect, resulting in a 7-to g-fold overall increase in BrdU incorporation (Fig. 7B ) compared to the approximately 2-fold increase shown in Table 1 .
When cells were grown in the absence of hormones for prolonged periods of time, i.e. 3 days, this protective effect was not observed. This was clearly seen when cells were incubated without TSH but in the presence of 17-mer peptide. Although the relative increase in the incorporation of [3H]thymidine (Fig. 8) was about the same as that in the presence of TSH, the absolute rate of incorporation was lowered to about 10% (Fig. 8B) .
A Only at very high concentrations, loo-fold greater than the concentrations for the 17-mer peptide, was a slight increase in the rate of proliferation noted with RERMS and inhibition detected with RMSQ (not shown).
Discussion
The current appreciation of the involvement of API' and the closely related APLP in a wide variety of biological processes extends far beyond the role of APP as the macromolecular precursor for the amyloid AP peptide.
Here, we present evidence for the ability of sAPP in conditioned medium to increase the number of quiescent cells recruited into the cell cycle. Thus, growth stimulation is significantly reduced after partial removal of sAPP from the conditioned medium, and proliferation is increased when cells are grown at increased sAPI' content. 
